In a Dark left-right gauge model, the neutral component of right-handed lepton doublet is odd under generalized R-parity and thus the lightest one serves as the dark matter (DM) candidate. The DM in this model dominantly annihilates into leptonic final states and thus satisfy the correct relic abundance.
INTRODUCTION
There are two prominent experimental hints, which may point towards extension of Standard model (SM) for solution, namely the AMS-02 positron excess [1, 2] and the discrepancy between the measured [3, 4] muon g − 2 and the SM prediction [5] [6] [7] [8] [9] [10] [11] . It would be interesting to find an economic solution beyond SM model to explain both the g − 2 and AMS positron measurements.
In this paper, we show that a variant of the left-right model called Dark left-right gauge model (DLRM) [12] has the ingredients to explain these two experimental signals.
The alternative left-right symmetric model (ALRM) has been proposed in 1987 [13, 14] . One of its key advantages over the standard/conventional left-right model (LRM) [15] [16] [17] [18] [19] is, it has no tree-level flavor changing neutral currents. Therefore, the SU (2) R breaking scale can be low and hence allows a possibility for W ± R , Z ′ gauge boson to be observable at collider experiments. Another variant of this ALRM is the dark left-right gauge model (DLRM) [12, 20] , which has both neutrinos and fermionic DM candidate. The neutral component of the right-handed lepton doublet 'n R ' carries zero generalized lepton number (L) and is odd under the R-parity, R = (−) 3B+L+2j .
Thus it can be made stable and a viable candidate for DM if it is the lightest R-odd particle in the spectrum. Additional Higgs triplet (∆ R ) has been introduced to give mass to n R . The annihilation of n R into muonic final states takes place through the t-channel exchange of charged triplet Higgs (∆ + R ). One of the motivations of this work is to explain the positron excess seen by AMS-02 [1, 2] experiments through the annihilation of DM in the galactic halo. By choosing the W ± R , Z ′ bosons heavier than the ∆ R , we ensure that the DM is leptophilic which makes it ideal for explaining AMS-02 positron excess. But, the annihilation cross-section in this case is p-wave suppressed. To overcome this suppression, we have considered the mechanism of Internal bremsstrahlung (IB) [21] in the DM annihilation process. Also we need an astrophysical boost ∼ O(10 2 ), to get the required cross-section for AMS-02. Another interesting aspect of this model is that the same Yukawa term Ψ R ∆ R Ψ R , which produces muons from DM annihilation also gives rise to the muon g − 2 through singly and doubly charged triplet Higgs loop. We have shown that the same masses and coupling can be used to obtain both the relic abundance of DM and required ∆a µ = 2.8 × 10 −9 within 1σ of the experimental value [3, 4] . Another model which can explain AMS-02 and muon g − 2 has been constructed using a gauged horizontal symmetry [22] .
The paper is organized as follows : In Section.2 we describe the details of the model; the dark matter part is discussed in Section.3. The explanation of AMS-02 positron excess has been dealt in Section.3.1 and in Section.4 the contribution to muon g − 2 has been calculated in detail. Finally we summarize our result in Section.5. We adopt the dark left-right gauge model (DLRM) [12, 20] , whose gauge group is given by,
DARK LEFT-RIGHT GAUGE MODEL
Here an additional global U (1) symmetry S has been introduced such that after the spontaneous breaking of SU (2) R × S the generalized lepton number L (defined as,L = S − T 3R ) remains unbroken. The scalar sector of this model consists of a bi-doublet Φ, two doublets (Φ L , Φ R ) and two hypercharge '+1' triplets (∆ L , ∆ R ), denoted as,
The fermionic sector (as shown in Table. I) consists of additional SU (2) R lepton (Ψ R ) and quark doublet (Q R ). Also it contains a quark singlet (x L ), which carries a generalized lepton number,
The scalar potential contains all allowed (by S-symmetry) singlet combination like,
From the minimization condition of the potential it is evident that there exists a solution with 
DARK MATTER IN DLRM
By virtue of the S-symmetry the Yukawa-termΨ LΦ Ψ R is forbidden thus n R is not the Dirac mass partner of ν L . n R is termed as 'scotino' [12] , i.e, dark fermion and the lightest one is treated as a viable dark matter candidate. The DM candidate is stable as an artifact of R-parity, under which it is odd. We choose n µ R ≡ χ, as the dark matter. The mass of DM is generated through the term Ψ R Ψ R ∆ R . Here, we assume that W ± R , Z ′ gauge bosons are considerably heavier than ∆ + R . Therefore, the dominant annihilation channel of χ into leptonic final states (mainly µ + µ − ) is through the t-channel exchange of ∆ + R (as shown in Fig.1) . Since, the triplet Higgs does not couple with the quarks, the dark matter in this model is mostly leptophilic. Also there is no constraint on DM cross-section from direct detection experiments [23, 24] .
Using partial-wave expansion, the annihilation cross-section can be written as, σv ann ≃ a + b/x f where, a and b are the s-wave and p-wave contribution respectively. The s-wave part is helicity suppressed and is given by [25, 26] , whereas the p-wave contribution can be expressed as [27] ,
where, c d is the Yukawa-coupling between χ, µ − and ∆ + R . Again, the ratio of RH-charged triplet mass to DM mass is denoted by, z ≡ (m ∆ + R /m χ ) 2 . The relic abundance of DM can be formulated as [31] 
where, x f is defined as, x f = m χ /T d , with T d as the decoupling temperature at freeze-out. M P l is the Planck mass (M P l = 1.22 × 10 19 GeV) and, g * is effective number of relativistic degrees of freedom. Clearly, the s-wave contribution is negligible compared to the later part, which is velocity-suppressed today. To produce the correct relic abundances, one can tune the coupling c d and the ratio z. In Fig.2 , the relic abundance is plotted as a function of DM mass for c d = 2.2 but with different values of z = 1.1, 1.6, 2. The straight lines (solid and dashed) show the latest 9-year WMAP data i.e, Ω CDM h 2 = 0.1148 ± 0.0019 [28] (whereas latest PLANCK result is, Ω CDM h 2 = 0.1199 ± 0.0027 at 68% CL [29] ). We observe that as the ratio z is increased, one requires lower values of dark matter mass in order to satisfy correct relic abundance. We choose a specific set of benchmark point as, m χ ∼ 800 GeV, m ∆ + R ∼ 805 GeV. We plot relic abundance, as shown in Fig.3 , for this particular choice of benchmark set. We obtain a narrow allowed range of coupling,
i.e, 1.67 < c d < 1.69, which is consistent with relic abundance [28] . 
Explanation of AMS-02 positron excess
It has been shown that AMS-02 positron excess [1, 2] can be explained by DM annihilation into µ + µ − if the annihilation cross-section is σv ∼ 10 −23 cm 3 sec −1 [32, 33] for TeV scale DM.
Such large cross-section needed to explain AMS-02 through DM annihilation into 'radiation' is constrained by recent Planck results [30] . Therefore, the AMS-02 explanation necessarily requires an astrophysical boost [45, 46] . In DLRM, we have Majorana fermionic DM which implies that annihilation into fermionic final states is helicity suppressed by a factor of m 2 f /m 2 χ . As discussed earlier, the p-wave part of the annihilation cross-section is suppressed by the velocity squared of the galactic DM particles today, which is typically v today ∼ 10 −3 . One of the possibilities to evade the suppression is to make use of the Internal bremsstrahlung (IB) mechanism, where the emission of associated vector boson lifts the helicity suppression in the s-wave contribution to the annihilation cross-section [21, 34] . The process of IB incorporates both virtual internal bremsstrahlung (VIB) and the photons from final-state radiation (FSR). Therefore, we consider the annihilation of DM into χχ → µ + µ − γ in the late universe (i.e. today), for which the cross-section is given by [21, 34] ,
where, α em is the fine-structure constant and Li The positron fraction spectrum is compared with the data from AMS-02 [1, 2] and PAMELA [35] .
For generating the positron spectrum, dN + e /dE from muon decay (m χ ∼ 800 GeV), we use the publicly available code PPPC4DMID [40, 41] and then we use GALPROP code [42, 43] for the propagation of charged particles in the galaxy. The differential rate of production of primary positron flux per unit energy per unit volume is given by,
where σv µ + µ − γ is the annihilation cross-section and ρ denotes the density of dark matter particle in the Milkly Way halo, which we assume to be described by NFW profile [44] . In GALPROP code [42, 43] , we set D 0 = 3.6 × 10 28 cm 2 s −1 , z h = 4 kpc and r max = 20 kpc, which are the diffusion coefficient, the half-width and maximum size of 2D galactic model respectively. We choose the nucleus injection index breaking at 9 GeV and the values above and below its breaking are 2.36 and 1.82 respectively. Similarly in the case of electron, we choose injection index breaking at 4
GeV and its spectral index above and below are 5.0 and 2.44 respectively with normalization flux 1.25×10 −8 cm −2 s −1 sr −1 GeV −1 at 100 GeV. Taking into account the chosen parameters, GALPROP [42, 43] solves the propagation equation, and we find the propagated positron flux.
In order to fit AMS-02 data [1, 2] , the required annihilation cross-section in GALPROP code [42, 43] is σv µ + µ − γ = 8. 
FIG. 5:
Predicted γ-ray spectrum is compared with Fermi LAT data [36] . HESS measurement [37, 38] of (e + + e − ) acts as upper bound on γ-ray flux in the 0.7-4 TeV range [39] . Fig.4 , we plot the positron flux obtained from the GALPROP and compare it with observed AMS-02 [1, 2] and PAMELA data [35] . From Fig.4 , we observe that positron flux predicted from our model fits the data well.
Since we are considering the internal bremsstrahlung process to lift the helicity suppression in the dark matter annihilation cross-section, there will be primary photons from the final state muons as well as secondary photons. We also check the consistency of the predicted photon spectrum from this model with the observed data [36] . We have generated the γ-ray spectrum,
i.e, dN γ /dE using micrOMEGAs 3.3.9 code [47] and for its propagation we used GALPROP code [42, 43] . We compare the output γ spectrum with observed Fermi-LAT data [36] , which is shown in Fig.(5) . Our model is consistent with Fermi-LAT data [36] in lower energy range. As a signature of internal bremsstrahlung, this model predicts a peak at m χ ∼ 800 GeV, which can be tested in the future γ-ray experiments. In Fig.(5) , we have also shown the HESS measurement [37, 38] of (e + + e − ), which acts as an upper bound on γ-ray flux [39] and clearly the γ-ray spectrum of our model is well below the upper limits. In this model, the dark matter does not annihilate into hadronic final states. Hence, there is no predicted excess of antiprotons, which makes it consistent with the PAMELA [48] and AMS-02 data [49] . 
MUON MAGNETIC MOMENT
The muon magnetic moment is calculated by the magnetic moment operator, which is given as
where m µ is the mass of the muon and F 2 (q 2 ) is the magnetic form factor. Here σ µν = i 2 [γ µ , γ ν ] and F µν is the field strength of the photon field. The anomalous magnetic moment is related to F 2 as ∆a µ = F 2 (0) for on-shell muon.
In DLRM [12] , there exist diagrams containing additional gauge bosons and charged triplet scalars which give contributions to the muon magnetic moment. In the conventional left-right symmetric model [15, 18, 19] with g L = g R , there are stringent bounds from LHC on the masses [50] . Under these assumptions, the contributions of heavy gauge bosons to muon g −2, has been neglected in comparison to the charged scalars. Therefore, the interaction terms relevant to muon g − 2 are ψ R ψ R ∆ R and ψ L ψ L ∆ L . But, in the later term as the vev of ∆ L gives rise to neutrino masses, the yukawa couplings are constrained to be sufficiently small. Whereas, the former interaction term has no such restriction on the yukawa coupling. Thus, we only consider the contribution from ∆ + R , ∆ ++ R loops to the anomalous magnetic moment of muon, as shown in Fig.(6) .
The contribution from the doubly charged triplet Higgs (as shown in Fig. 6(a)-6(b) ) is given by [51] ,
where f µs and f µp are the scalar and pseudoscalar couplings of charged triplet Higgs with the muon respectively. The factor of four in eq. (8) is a symmetry factor coming from the presence of two identical field in the interaction term (ψ R ψ R ∆ R ). Similarly, the contribution from singly charged triplet Higgs (∆ ± R ), which is shown in diagram 6.(c), given as,
The observed magnetic moment is obtained by choosing the parameters as, f µs ≃ f µp ≡ c d = 1.68, m ∆ ±± ≃ m ∆ ± ∼ 805 GeV (by suitably choosing the parameters in the potential) and dark matter mass, m χ ∼ 800 GeV. Here, we would like to mention that the same set of parameters is also required to explain the positron excess observed by AMS-02 experiment [1, 2] and relic abundance of dark matter. After adding the contributions from eq. (8) and eq. (9), we obtain ∆a µ = 2.9 × 10 −9 (10) which is in agreement with the experimental result [3, 4] within 1σ.
CONCLUSION
We have studied the DLRM model, in which the neutral component of RH-lepton doublet plays the role of a dark matter candidate. Thus, the Majorana fermionic DM candidate is stable as an artifact of generalized R-parity. In this model, we explain simultaneously the two experimental signatures viz. AMS-02 positron excess and muon g − 2 anomaly. The correct relic abundance of dark matter has been obtained through the annihilation of DM into leptonic final state via t-channel exchange of charged triplet Higgs. But the annihilation cross-section is helicity suppressed by a factor of m 2 f /m 2 χ . Therefore we use the mechanism of internal bremsstrahlung to lift the helicity suppression. In order to explain AMS-02 positron excess, we have considered the annihilation of the dark matter into µ + µ − γ with an additional astrophysical boost factor ∼ O(100). The prediction of positron excess of this model is in good agreement with PAMELA, AMS-02 data. We also obtain the required contribution to muon g − 2 through the additional charged triplet loops and using the
